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INTRODUCTION

In war, the problem of peripheral nerve repair
is always an immediate, important problem.

The need for

better surgical technics is always stressed at that time

as during the last great war, but it ls al so true that,
as we have become more industrialized, the percentage of
peripheral nerve injuries has increased accordingly.

is apparent then, that surgeons and doctors in general

It

should be able to diagnose immediately, and cor rectly,

and to institute proper treatment in all cases of periph
eral nerve injury.
The field of periphe:re.l nerve injuries is too

broad to be covered in its entirety in this thesis, but

I have covered what I consider to be the important aspects

of the subject.

That is, to review the means of diagnosis

am to stress the accepted means of repair while briefly
reviewing the other methods of repair.

A brief review of the basic anatomy, and the

degeneration and regeneration of nerves, is included for
the convenience of the reader.
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ANATOMY

The typical nerve is made up of efferent, or
motor fibers, derived from motor cells of the ventral
column of the cord, or the cephalic continuation of
this column into th e brain stem; of afferent fibers
derived from ganglion cells of the spinal or cranial
ganglion; and, of post-ganglionic fibers from the sympathetic system.
The com ponent part of the p eri pheral nerve is
the neuraxis or nerve fiber which consists of a slender,
protoplasmic out growth from a ganglion cell, extending,
without interruption from the cell of ori gin to its
ultimate termination, though it may give off numerous
collaterals in its cour se.

It is made up of neurofibrils

imbedded in a semifluid neuroplasm, and surrounded by a
very delicate membrane, the axolemma.

The fibers are de-

scribed as of two types, medullated and non-medullated,
depending upon the presence or absen ce of a sheath known
as a medullary or myelin sheath.

The medullary sheath

conta i ns myelin, which is a chemical substance made up
largely of lecithin, and supported by a framework of
neurokeratin.

Outside of the myelin is a delicate nucle-

ated sheath known as the "sheath of Schwann 11 , or neurolemma.

The non-medullated fibers also have a nucleated
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sheath similar in character to the sheath of Schwarm.
The function of the myelin is lit t le understood.

It is

known, however, that it is not essential to conduction
of nerve impulse, since impulses are carried by nonmedullated as well as by medullated fibers.

Myelin is

regarded by some as an insulator, and is thought to have
some nutritive value for the enclosed axon.

In regener-

ation of nerve fibers, however, it does not appear until
late, and, consequently, may have little to do with nutrition.
The "sheath of Schwann", or neurolemma, consists
of a syncytium of adjacent cells between which there are
slight constrictions lmown as the "nodes of Ranvier."
On the inner surface of each sheath eel 1, and between the
noo.es of Ranvier, lies an elongated nucleus, the nucleus
of the neurolemma.

The collaterals of the neuraxis are

given off only at the nodes of Ranvier.
Both medullated and non-medullated fibers are
grouped into bundles in the nerves.

These bundles, cal led

funiculi, are in turn grouped into a larger bundle surrounded by a covering of connective tissue called the
epineurium.

This is derived from the surrounding meso-

dermal tissue which has penetrated between the nerve
fibers and nerve bundles during their early growth and
surrounded the nerve.

The connective tissue between the
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nerve fibers is known as endoneurium, and that between
the nerve bundles as perineurium.

Between the layers

of the perineurium small spaces are found which communicate with the lymph clefts between the nerve fibers,
and in which lie the majority of the blood vessels.
Each peripheral nerve is abunda.ntly vascularized throughout its entire length by a succession of
vessels which, by their repeated division and anastomosis on and within the nerve, outline an unbroken intraneural vascular net.

A distinctive feature of this

pattern is the considerable overlap of supply which is
obtained between the nutrient arteries entering at different levels •

It is al so common to see one or two

macroscopic longitudinal vessels on some of the larger
nerves.

Such arrangement makes it unlikely that any one

vessel will dominate the intraneural circulation in any
particular segment of nerve. (Sunderland, 1945)
Within a peripheral nerve, the myelinated and
non-myelinated nerve fibers are gathered together in
bundles which vary in number, size, and arrangement, and
give to each individual nerve a characteristic internal
topography.

Stoffel (1916) stated that the arrangement

of the bundles, or funiculi, of nerve fibers within a
peri pheral nerve trunk were constant for that nerve at
any given level.

This view would indicate a very
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accurate funicular anatomy and the recognition and observance of these anatomical fa cts would play an important role in the suture of divided nerve ends.
The recognition of funicular topography in a
peripheral nerve has been shown by numerous workers to
be only accurate for a given nerve at a particular level
and at a definite time.

Heineman (1916-17), Borchardt

(1915), Compton (1917), and others, have found the existence of innumerable internal plexuses within the peripheral nerves by which interfunicular connections are
made.

They have also shown that, even at levels taken

at intervals of three centimeters, the cross-section
appearance of the nerve trunk was so different as to
make identification of definite funiculi hopeless.

PHYSIOLOGY
Degeneration
It was in the latter part of the Eighteenth
Century when Arnemann (1787) called attention to the
fact that when a nerve was divided, the peripheral
part of the nerve lost its conductivity, and its
normal, glistening appearance, while the central stump
retained its irritability and glistening appearance.
Cruikshank (1795) and Haighton (1795), almost simultaneously, although they were working independent of one
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another, reported on their ingenious experiments upon
the vagus nerve.

Both of the experiments consisted of

sectioning one of the vagus nerves on one side of a
dog, allowing this to heal for several weeks, and then
cutting the opposite vagus nerve.

In both cases, the

dogs . lived, whereas their control dogs, which had both
vagi sectioned at the same 'time, died immediately.
Although experimentati~n was being carried on,
it was not until 1852 when Waller clearly demonstrated
that when continuity is severed in a peripheral nerve,
the portion separated from the "ganglion cell" undergoes secondary degeneration.

In recognition of his work,

this is now spoken of a secondary or Wallerian degeneration.

It is clear from his work that he regarded the

cell of origin as the nutritive center for a nerve fiber,
and without it believed that regeneration was impossible.
Numerous investigations, histological, embryological,
and physiological have served to prove the correctness
of Waller's conclusions.

Among the most important are

those of His (1890), Bunger (1891), Howell and Huber
(1892-1893), Cajal (1908-1918), Harrison (1907), and
Ranson (1912).
As has already been stated, that portion of a

divided fiber which has been separated from its cell of
origin, degenerates.

All of the components of the nerves

are involved in this degeneration; namely, the axons, the
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Schwann cells, the neurolemna, the myelin, the perineurium, and all of the other connective tissue elements.
At first, no change in the nerve fibers may be noted
beyond the immediate point of injury, but within the
first three to four days, the nerve fibrils undergo
be ginning granulation and varicosities.

Most of the

nerve fibrils and their entire lengths are involved, even
to the finest terminations.

By the end of the fourth week,

all evidence of the nerve fi~ers is lCB t.

While this is

taking place, the myelin disinteg~ates breaking u p into
irregular masses that become irregular globules, and these
in turn disappearing by the tenth week.

At the same time

that degenerative changes are taking place in the nerve
fibrils, and in the myclin, important changes are seen
taking place in the neurolemma cells.

These cells multi-

ply, the cytoplasm increases, and they unite to form protoplasmic bands in pre paration for the reception of the new
nerve fibers.

The absorption of the nerve fibrils and the

myelin takes place through these neurolemma cells.

The

products of degeneration are carried to the endoneural and
the perineural lymph and blood s paces. {Ranson, 1912)
Following Waller's investigations, it was at
first thought that the changes in the neuron were limited to the nerve distal to the point of injury.

But it

has been shown that the same process of degeneration takes
place in the central portion of the nerve.

It is irn-
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portant to recogni z e that although the microsco pic
picture is similar, the process of de generation rapidly
decreases in intensity as one traces it centralward,
and that it cannot be recognized two centimeters above
the site of the lesion.

It has therefore been called

a "retrograde degeneration" which is neither extensive
nor complete.

Huber (1896) and Rans on (1912) pointed

out that changes in the proximal stump may extend for
varying distances, probably not over t wo centimeters,
but t he intensity of the de generation decreases centrally, and the exact point of cessation of changes is not
disc e rnible.

In a more recent review of the subject,

Young (1943) discusses death of some neuron cell bodies
in the central nervcus system as a result of axon injury.
Regeneration
The initial sta ges of the process of re generation, which leads to the formation of the syncytial,
nucleated, proto plasmic bands in both the central and
peri pheral se gments of a divided nerve, may be reco gnized long before the process of secondary de generation
is complete. (Stookey, 1922)
The studies of Perronc ito (1905), Cajal (1908),
Ranson (1912), Boeke (1916-17), Kirk and Lewis (1917),
Dustin (1917), Ingebritsen (1918) h ave been es p ecially
helpful in developing the monogenetic conce ption,
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according to which regeneration of the peripheral degenerated portion of a nerve is obtained through downgrowth of the neuraxis.

This do\mgrowth is derived as

a processus of the central neuraxis, which is, at all
times, connected with the central nerve cells.
Ranson (1912) has shown t h at from the end of
the first day on, following injury to a nerve, fine
nerve fibers are developed as branch es or extensions of
the unde generated portion of the central nerve fibe r s.
The new fibe r s are so small, that where there used to
be only one fiber, there may now be fifty or more.
These f ibers run in a fairly parallel course until they
reach the scarred area formed by the suturing of the
proximal and the distal nerve fra gments.

At this point,

where they leave the old sheath and plunge into the scar,
they scatter in all directions.

Some of these fibers

never reach the scar, but turn backward in the proximal
stump .

A great number of the fibers fail to find thei r

way throu gh the scar to the more favorable pathway
for med by the distal stump.

Thus, t he large numbers of

the f ibers increase the certainty t hat some of them will
grow throu gh the scar.

The true re genera t ion be gins

about the fourteenth day.

At this t i ~e, there occurs a

downgrowth of new axons from above t he point where
degeneration ceased.

Huber (1895) has shown that there
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are small bulbs on the ends of the nerves.

These new

axons increase in number until about the thirty-fourth
day.
On reaching the central end of the peripheral
segment, the downgrowing neuraxis are found to penetrate
and grow into the old neurolemma sheaths of the degenerating fibers.

Rans on (1912} states that
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all new axons

lie in protoplasmic bands, never between them."

Boeke

(1916), on special study with various methods, reached
the conclusion that the neurofibril strands are always
intraprotoplasmic.

So far as has been determined, there

is no reason to assume that the downgrowing neuraxis show
any selectivity on reaching the peripheral stump.

Thus,

branches derived from the central neuraxis of motor
neurones may, and-no doubt do, enter the neurolemma
sheaths of peripheral sensory fibers, and branches from
centr,al
afferent nerves enter into distal efferent nerves.
'•
Boeke (1917) has shown that central motor fibers may grow
into distal sensory fibers.

Functional regeneration has

not been obtained under these circumstances, but the
large number of downgrowing fibers makes it almost certain
that some of the fibers will make correct functional regeneration.
Weiss .( 1935) found that dissimilar fibers could
reinervate end organs, but that such endings were largely
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atypical.

Young (1943) discovered that the axon can flow

out of the tube alon g the muscle an d establish a new endplate; however, this process is slew, and the new connections are not normal.

Gutmann and Young (1944)

showed that when muscl es have be en kept denervated for
increasing periods, the proportion of old end-plates
whi ch becanes reinnervated is progressively reduced, and
that many muscle fibers never become reinnervated.

Most

of t he nerve fibers escape and run along between the
muscle fibers, ultimately making contact with the sarcoplasm and forming new plates.
Why re generating axons grow down neurolemma
tubes toward the peri phery has never been satisfactorily
ex plained, but there have been several theories advanced.
Cajal (1928) suggested that the peripheral stump exhibited a chemical a t traction for the new ax onal fibers.
Huber (1895) expressed himself as follows:

"The regen-

eration of t h e peripheral end (which al ways degenerates
so tr.at only the old sheaths of Schwann containing a
band of nucleated protoplasm developed from the hypertrophied protoplasm and proliferated nuclei of its fibers
are met with) is the result of an outgrowth of a new axis
cylinder from the undegenerated axis of the central stump,
the budding axis following the paths of least resistance.''
Young, Holmes, and Sanders (1940) are inclined to believe,
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as did Huber, that by following the course of least resistance, the entrance of the fibers into the tube is
merely a matter of chance.

Weiss (1943) concludes that

fibers will not grow into homogenous media, but advance
only along interfaces, or surfaces, and are guided by
biophysical forces of those interfaces, rather than by
biochemical forces.

Weiss and Hoag (1946) have just

completed experiments in which they showed that there is
no selectivity, absolute or relative, in the establishment of regenerative connections between motor neurons
and muscle fibers.
The rate of regeneration, which is really the
important question of both the patient and the doctor,
has been another source of disagreement, but as Gutmann et al
(1942) has stated, the estimated rates of regeneration
depend upon the method used, and whether or not one is
measuring functional return or anatomical axonal advancement as determined by Histological inspection.

It has

been shown by Young (1943) that the rate of functional
return is slower by about .9 millimeters per day than
t he anatomical axonal advance.

The rate of the axon

advance being 3.5 millimeters per day, and that of the
functional return about 2.6 millimeters per day.

Groff

am Houltz (1945) have, by using the preceding estimates
of the functional return, composited a chart estimating
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the time required for the return of function to an
extremity when the lesions are at various levels.
The graph is as follows:
ApEroxim~~~ Time fo~ ~igns of Regeneration

Nerve

Months
Humerus

Radial

M/3
L/3

Ulnar

Wrist
Elbow
Axillae

5 - 7
10 - 12
15 - 16

Medium

Wrist
Elbow
Axillae

4 - 5
8 - 9
12 - 14

It

7 - 8
6 - 7

Sciatic M/3
L/3

Thigh

10 - 12
12 - 14

Peroneal

Head of Fibula
Po pliteal Space

8 - 9
10 - 12

Tibial

Popliteal Space

11 - 12
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DIAGNOSIS
Clinical
Motor
The diagnosis of a peripheral nerve injury
depends primarily upon a precise knowledge of regional
anatomy, the motor distributions, and the cutaneous
sensory supply.

This is necessary in order that the

definite effects, which follow a lesion of every peripheral nerve, can be interpreted correctly.

In makl ng a

diagn9sis of a peripheral nerve lesion, one must take
into consideration the following:

the type of injury,

the primary effects upon the muscle and sensory functions,
the interval between the injury and examination, and the
level of the lesion.
The loss of function of any peripheral nerve
produces a characteristic attitude or position, and
deformity, which is characteristic for that specific
nerve or nerves •

An example of this would be the '' grif f e ~

or cl awed fingers of an ulnar nerve paralysis.

It is

usually this characterist1 c which is first noted when the
patient enters tre office.
The loss of power of v.oluntary movement of~
muscle, or a muscular group, may vary from simple enfeeblement to complete paralysis.

Because of the many factors
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which enter into the movement of segments about the joint~
but particularly because of the frequency with which more
than one muscle may produce similar movements about the
segments of the joints, the necessity for great care in
the analysis of all muscle movements must be stressed.
Letievant (1872) showed that total movements normally
accomplished by definite muscle groups, in certain paralysis, may be performed by some of the group, or by
muscles belonging to other physiological groups of different nerve supply.

He termed this "supplementary

motility."
These movements may be caused by a number of
factors.

Among these may be included the anastomotic

supply of muscles from adjacent nerves, and the not uncommon existance of an atypical nerve supply.

Such move-

ments may likewise be produced by muscles other than the
primary movers in such an action.

For example, the flexion

action of the biceps, supinator longus, and brachialis,
may be performed by any one of this group.

Whereas norm-

ally they all take part inflexion of the forearm and
act as a synergic unit in the total movement of flexion,
each may individually accomplish the movement without
the assistance of the other.

This supplementary motility

may also occur as the result of mechanical factors which
produce a change of direction of levera ge by shortening
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and lengthening of tendons and muscles passing over several joints.

Slight movements often occur which result

from the recoil of elastic tissue following a movement
in a direction op posite to the one desired.

Supplement-

ary movements may also be the result of the force of
gravity. ( Coleman 1920, Woods 1919, Pollock 1919~20,
Coleman 1944)
The clinical examination should be done carefully and systematically.

It will be found, in many

instances, that patients do not always comprehend promptly what is expected of them if asked to p er f orm movements in the paralyzed extremity, but if the patient is
made to execute the desired movements of similar muscles
on the unaffected side, he will better understand what
is ex pected of him when the involved extremity is investigated. (Coleman, 1944)

It is important to make sure

that there are not other factors which are entering into
the inability of the patient to per form a specific movement.

One should eliminate all su ch causes as pain, ·

swell ing , contractures, spasm, fibrosis, ankylosis of
joints, fractures, injury to tendons, etc.
One can best begin the study of the lcs s of
function, by observation of the ra nge of motility in various directions.

This, if done pa s sively, will eliminate

most of the above stated factors.

Tinel (1918) has statea
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that the limb should be placed in a position to abolish
the opposing force of gravity; otherwise, feeble movc:ments of a recovering muscle may esca pe observation.
Haymaker and Woodhall (1945) h.ave given a very complete
a c count and analysis of the various movements to make in
testing the func t ion of all of the individual muscles snd
nerves of t he extremities.
The obje ctive examination of the muscles will
dis cl o se such facts as:

supplementary motion tak i ng place,

all de grees of muscular atrophy which is supposed to take
place when a motor nerve is severed, various de grees of
muscular tone, and fibrosis or contractures of muscle
bellys, if present.
Ob~tive Examination of Other Tissue
Not only is it important to observe the musculature, but equally important is the observance of the other
tissues with their trophic and vasomotor disturbances.
Speaki n g generally, Tinel (1918) has laid down the princi ple that trophic disturbances are either absent, or
very slight, 1n almost all cases of nerve interruption,
or simple ccmpression, whereas, they are almost constant
in nerve irritations.

Some of the chang es that occur in

other tissues when a peripheral nerve is disturbed are as
follows:
Integument:

Glossy skin is the most frequent findi ng ,
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with a diminution of the cutaneous folds, and a leveling
of the f1ipillary crests which leads to some disturbance
in tha finger and foot prints.
Sweat Glands:

There is a complete diminution in the

sweat reactions, resulting in a dryness of the skin.
Vasomotor Disturbance:
in all nerve lesions.

These are practically inevitable

In some cases, there may be pallor

of the integuments, and in others, cyanosis or redness.
Cyanosis may or may not indicate vasomotor paralysis.
It is exa ggerated by

a

dependent position, and by cool-

ing; it rapidly diminishes and disappears if the limb is
placed in an elevated position.
Ulceration:
nerve lesions.

Genuine ulceration is rare in peripheral
If present, it is usually due to injury

to an area in which the sensuory f i bers have been destroyed.
These findings should all be judged accordingly
arrl in association with the other f indings.
Sensorz

Investigation of sensory loss forms an important
part in the diagnosis of peripheral nerve injury.

How-

ever, it is of secondary importance to the interpretation
of disturbed motor function.

The sensory examinations

are ti me consuming and require much patience on part of
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both the doctor an:i the patient.

In view of the fact that

intelligent coo peration of the patient is essential to
accurately chart the sensory loss, the usefullness of the
procedure is often limited.
It is important in the examination of sensation
to make sure that the patient is relaxed and comfortable,
that the extremity to be examined is properly supported,
that the skin is warm and dry, and that distracting noises
or activity is eliminated.

Care should be taken to avoid

fatigue, and the :t=atient should be allowed to rest a number
of times during the examination.
Tactile, painful and thermal sensibility should
be studied in succession.

According to Tinel (1918), these

minute examinations are not usually required,as all necessary information can be supplied by the exploration with a
pin.
The sensory findings must be charted at each
examimtion so as to form a basis for future comparison.
Stookey (1922) suggests that the terms "epicritic and
protopathic" should be discarded.

In their place, each

form of sensation should be specifi cally designated using
tte term of the stimulus employed, such as, pin prick area,
cotton wool area, etc.

Cobb ( 1919) ha. s shown that if com-

parative sensory examination is to be of value, it must be
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made with constant and known stimuli alike in quantity
and quality.

Some of the factors which may lead to

erroneous results are as follows:
1.

Over-lapping of uninjured nerves so that the actual

field of anesthesia is diminished in size. ( Pollock & Davis,
1933)
2.

Attraction of the denervated skin field for nerve

fibers from surrounding uninjured nerves, so that the original field of lost sensation may become very much reduced.
(Coleman, 1944)
3.

In cases of hysterical sensory reactions, or in true

cases of malingering.
There are, aside from cases of obvious nerve
injury, in which the diagnosis is relatively simple,
others not so easily evaluated.

One group consists of those

whose casts have just been removed.

Because of the inevit-

able limitation of motion at the joints, and soreness of
the part due to prolonged immobilization, evaluation of the
extent of nerve dama ge is sometimes difficult.

Another

grrup of patients in which exact dia gnosis is sometimes
dif f icult are those with definite nerve injuries, but who
demonstrate obvious emotional disorders whi ch color the
examination to such a d e gree that motor and sensory findings are not reliable.

If there are lar ge flesh wounds in

which there is considerable edema and maceration of tiss.u.e.,
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diagnosis of nerve injury by means of motor and sensory
technics is hindered.

Also in cases of hysterical motor

and sensory patterns, and in true cases of malingering,
these methods cannot be relied upon.

(Hyman and Beswick,

1945, Richter an d Katz, 1943, and Richter, 1946.)
Further Aids of Diagnosis
It therefore became apparent that other means
must be devised to assist in the diagnosis of the more
obscure cases of peripheral nerve injuries.

Richter and

his associates, after much experimentation were able to
develop an instrument, the

11 Dermometer",

in this means of diagnosis.

which would aid

( Jas p er' and Robb, 1945;

Hyman and Beswick, 1945; Wheland and Richter, 1943; Richter
and Katz, 1943; and Richter, 1946.)
Richter (1945) has demonstrated that the skin
resistance varies in different parts of t he body, qualitatively, as well as quantitatively.

It is lower over areas

containin g many sweat glands, such as the palms of the
hands, and the soles of the feet, rather than over areas
with relatively few sweat glands, such as the dorsal surfaces of the hands and feet.

The f act that areas of skin

deprived of their sympathetic nerve supply show a marked
increase in electrical skin resistance,as compared to surrounding mormal areas, has been shown by Jasper and Robb,
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(1945) to be rue largely to the inactivity of the sweat
glands in the denervated skin.
The "Dermometer 11 consists of a microammeter, a
4½ volt battery, a 1000 ohm potential divider, and a telephone plug. socket furnished with a jack switch.

A tele-

phone plug which fits into the socket · on the panel of the
"Dermometer" connects the two silver-plated phosphorbronze electrodes with t he instrument.

The electrodes

consist of a fixed electrode with a silver clip, which is
attached to the ear and a moveable electrode.

Richter

(192~) has shown that the resistance to a passage of a
small direct current through the body is localized almost
entirely in the skin, and further, that a puncture through
the skin, with a needle, completely eliminates the resistance under the ear electrode, and the resistance registered is localized under the moveable electrode.

Jasper and

Robb (1945) found out that it was not necessary to puncture the skin of the ear lobe, as recommended by Richter
(1926) and Richter and Woodruff (1942), but that the resistance of the lobule of the ear could be greatly reduced
by rubbing the lobule with electrolytic jelly.
In using the instrument, the moveable electrode
is placed over the affected area, which always has an abnormally high resistance.

The rheostat is then set so

that only a very small current flows throu gh the body be-
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tween the electrodes.

This is indicated by a small de-

flection of the ammeter pointer.

The electro:ie is then

moved in small steps toward the normal areas of the skin.
A sudden full deflection of the pointer, entirely across
the dial of the ammeter, indicates the arrival over a
normal area.

If the electrode is then moved back and

forth in progressively smaller step:i between the affected
and the normal area, a point of demarcation can be determined.

The line of demarcation is usually sharp, rarely

being more than 1/8 inches (10.3 cm.) wide.

(Whelan and

Richter, 1943; Richter, 1946; and Richter and Katz, 1943)
Following the work of Guttmann (1944) on the
use of furmethide in testing sweat secretion, the drug
was used subcutaneously in certain cases to clarify skin
resistance measurements.

This is a parasympathetic drug

which stimulates sweat glands whose nerve supply is intact,
but does not affect the denervated ones.

If the lesion

was distal to the point where the sympathetic fibers joined
the nerve, then the area supplied by that nerve showed a
great resistance increase.

If the nerve section was prox-

imal to tre point where the sympathetic fibers joined the
nerve, there was no change.

Pilocarpine hydrochloride had

been the drug used prior to furmethide, but furmethide gives
a quicker r esponse and annoying side reactions are rare and
can be readily controlled with atropine sulfate.
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Sweating tests for the demonstration of various
neurological lesions received their impetus fran the simple
procedure of Minor (1927), and later from List and Peet
(1938).

They used an oily suspension of iodine with starch.

The reaction produced by the interaction solution with
sweat, caused a color in v.hich the intensity of the stain
was proportional to the degree of sweating.

Silverman ani

Powell (1945) have devised a newer method, supposedly much
easier to handle and more accurate, in which they utilize
the iron salts contained in the sweat.

This iron salt

interacts with tannic acid and produces a black stain.
Although not too satisfactory when used by itself, the
sweating response is of value when associated with the use
of the "Dermometer."
Burr and Lane (1936) and Grenell and Bair (1946)
have shown that there is a clear-cut correlation between
the inte grity of the peripheral somatic nervous system,
and potential differences measured on the surface of the arm
or leg.

Grenell and Burr (1946) have described a new technic

for the measurement of this bioelectric phenomena.

The

instrument is cal led the "Burr-Lane-Nims microvoltmeter"
and bas reversible non-polarized Ag-AgC1 2 brush electrodes
with the skin contact being assured by use of a salt electrode paste .

Interference, pharmacological or traumatic,

with the normal function of the nerves, is reflected in an
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altered standing potential between an indifferent
electrode and a moving electrode in contact with the area
sup plied by the nerve in question.

It has been shown by

Grenell and Bair {1946) that the microvoltmeter is relatively unaffected by changes in resistance in the system
being measured, so that the skin resistance and sweating,
as reported by Richter and his associa t es, are not involved in the potential changes.

Data obtained in the experi-

ments of Grenell and Burr (1946) indicate that the potential differences recorded from the surface of the limb
were modified by, or correlated with, the state of the
peripheral nerve supplying the area.

The acute effect of

nerve section is a reversal in polarity of surface potentials.
Pollock et al (1945 a,b,c) have given an excellent account of the use of galvanic and faradic currents
in the diagnosis of peripheral nerve injuries, and in
following the regeneration of the injured nerves.

A

motor nerve may be stimulated through the skin by either
the faradic or the galvanic current.

In testing the re-

actions, one electrode is placed upon the skin of some
indifferent part of the body (indifferent electrode) and
another smaller electrode {stimulating electrode) is placed
upon the ski n overlying the nerve trunk or muscle which
it is desired to stimulate.

In the latter instance, it is
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the nerve terminations and not the muscle fibers which are
stimulated.

Lengthening of the chronaxie of the nerve

occurs during the early stag es of de generation.

Later the

nerve becomes quite incapable of being excited by either
t h e faradic or galvanic currents.

When the nerve termin-

als have de generated, the chronaxie of the muscle is lengthened, and the f aradic current a pplied directly to the
muscle causes no response.

The muscle res ponds, however,

though in an a hnormal manner, to th e galvanic current
which stimulates the muscle fibers themselves.
Surgical
Explora t ion is one of the most important steps
in the dia gnosis of various nerve injuries, for upon its
finding s the charact er of the needed treatment is determined.

Fai l ure to ex plore the ner ve trunk properly has

been res ponsible for many errors in dia gnosis and failures
in operative treatment.
The exploration, to be complete, must freely
isola te the nerve in all its areas of pos s ible injury,
and must prove that it is the nerve sought, and es pecially that is component bundles are not subject to interru otion or compressio n .

All points of possible compression

and abnormal adhe sions sh ould be relieved, and any abnormal
swelling or enlargement of th e nerve trunk noted.
(Babcock, 1927)
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REPAIR OF NERVES
Time Element
The earliest record of nerve suture was the
primary suture re pair of the medium and ulnar nerves,
which was attempted by Bandens in 1836.

Contact of the

suture material with the nerve was avoided "to prevent
spasms," and approximation of the nerve stumps was accomplished by suturing the adjacent tissues.

Unfortunate-

ly, the patient died eight days later, and the nerve ends
were found to have separated.
Abraham (1887) reached the practical conclusion
that in cases of divided nerve trunks, primary suture
should be done, and if this fails, then a secondary operation can be done, which will have a greater chance of
being successful.
The best time for nerve repair has been, and
still is, a debatable subject.

Howell and Huber (1893)

collected records of eighty-four primary sutures and
eighty secondary sutures.
in both cases.

They recorded favorable results

Sherren (1908), after examining fifty cases,

advocated primary suture "because the prognosis after secondary suture is more unfavorable. '·'

Gonzalez-Agiular

(1928) advocated suture as soon as possible after the
myelin remains had been removed from the peripheral
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stump.

This, they concluded, was ap proximately thirty days

after the initial injury to the nerve.

Pratt (1937) states

that in primary sutures performed under ideal wound condi- .
tions, complete recovery is to be expected, but ~n more
extensive wounds, with widespread bruising and multiple
tendon injuries, and in wounds in which. infection has already secured a hold, partial or complete failure of regeneration after primary suture is almost inevitable.
Pollack and Davis (1933) and Gallie (1942) hold similar
views hav i ng stated, "if primary nerve suture is performed,
and the wound remains clean and heals by primary intention,
we have taken advantage of t he best possible conditions
underwhi ch end-to-end suture may be performed."

Dandy

(1943) believes that even in the presence of infection,
the nerves should be sutured at once.

Any delay in re-

suturing severed nerves always means that resulting neuromas must be resected, and this results in the formation of
a wide gap, causing nerve repair to be hindered.
The policy of early nerve surgery, within three
to six weeks after wounding, was carried out by our doctors
in the European Theater of Operations accordin ~ to Spurling
and Woodhall (1946).

A survey of over five thousand cases

of peripheral nerve injuries of World War II, as carried
out by Woodhall and Lyons (1946), discloses that the percentage of failures is far greater when the nerve suture HJ
/
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performed at the time of debridement, then when it is
deferred until after delayed wound closure.

These results

fully substantiate the directions which were issued during
the war decrying primary nerve suture, and recommending
only coaptation or protection of divided nerve ends when
initial debridement of wound was done.

These directives

were founded on the following pathological basis:
1.

Suture at the time of debridement is neither feasible

by any technical standards, nor is ·it compatable with the
surgical principles o~ preservation of life, or extremity,
or of the prevention of · inf~ction at this time.
2.

It is not possible to estimate intraneural damage to

nerve segments adjacent to the point of severance caused
by distribution force developed by the missile.
3.

Selective section of nerve ends, prior to suture,

is impossible unless a large nerve gap is arbitrarily
established.
4.

Mobilization and transplantation procedures essen-

tial for restoring the nerve gap and delimiting suture
line tension are surgically unsound for fear of infection.
5.

The epineurium of a freshly divided nerve is thin

and friable and lacks the tensile strength to hold sutures.
{Spurling & Woodhall, 1946)
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Methods of Nerve Re2air
Technic of End-to-End Suture
Exposure of the nerve well above and below
the level of the lesion is essential as it makes the
lesion more readily accessible, and protects the branches
when the nerve is removed from its bed of scar, if present. _
After the nerve has been exposed, and freed from the surrounding scar tissue, palpation of the nerve throughout
the portion exposed should be carried out to determine
the consistency and level of intraneural scarripg.

Before

t he nerve is handled too much, there should be an epineural suture placed in both the proximal and distal segments.

The sutures should be placed exactly opposite

each other so that accidental tortion of the nerve from
its normal axis will be prevented.

In this way, it will

be possible to obtain an approximation of the nerve ends
in nearly the nonnal funicular ap position.
Careful handling of t he nerve ends is at al 1
times extremely important.

Stookey ( 1922) sugg ests the

use of two stay sutures, one in the proximal and one in
the distal segment, to handle the nerves.

Pollock and

Davis (1933) ·recommended the use of moist tapes.

Groff

and Houltz (1945) use a moistened tongue depresser and
have reporteq excellent results.
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When the level of the suture has been determined,
serial, transvera?, partial incisions are made through the
scar with an extremely sharp scalpal or a sharp razor
blade.

With each section, the ends are observed closely,

looking for ends free of scar tissue.

The normal ends

are easily recognized by their discrete nerve bun~les with
the connective tissue about them, and by the fact that the
end freely bleeds between the bundles of axons.

When scar

tissue is present, the cut end bleeds uniformly over the
entire surface.
Stookey and Scarff (Neurosurgery & Thoracic
Surgery, 1943) and Spurling and Woodhall, (1946) have
have stressed that the transected nerve ends must be
approximated by a very carefully performed interrupted
epineural suture.

These epineural sutures should not

penetrate the underlying neuraxis. (Coleman, Surgical
Treatment, 1946) If the nerve is sutured on the exposed
surface first, then rotated and sutured just opposite,
exact alignment is more readily assured.

The rest of

the sutures can then be more easily introduced without
fear of rotating the nerve.
During this procedure, the bleeding should be
very carefully controlled.

Coleman (Surgical Treatment,

1946) has received best results with the use of cotton
pledgets moistened with saline or Ringers solution.
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Muscle was first used by Cushing (1911) for the control
of bleeding in brain tumor operations.

Since then, it

has been and still is used for hemostasis.
1943).

(Spurling,

In 1944, Ingraham et al introduced fibrin film

as a hemostatic a gent.

It consists of a porous mass of

fibrillar fibrin with macroscopic air s paces.

\\'hen

moistened with hu~an thrombin, the foam becomes an effective hemostatic a gent.

Although not much work has been

done with fibrin film in the field of peripheral nerve
surg ery, good results are anticipated.
As early as 1881, the use of a sling stitch, or

a through-and-through suture was the common method of nerve
repair.

(Clark, 1881-83).

After further study, it wa s con-

cluded that the suture material used, which was chromic
cat gut, was too much of an irrit a nt and. should be avoided
as a through-and-through suture. (Guttmann, 1943)

With

the advent of a less irrita t ing material, such men as
Spurling (1943,44,45) and Coleman (Surgical Treatment,
1946) do not hesitate to use a sling stitch, stating that
it prevents the retraction of the inner portions of the
nerve, and the formation of a space for a clot formation
with a barrier to the advan cing neuraxis.
Type of Suture Material

In 1943, Guttmann undertook the study of various
types of suture materials to determine the least irritating.
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He used plain sterilized catgut, plain white silk, green
silk, waxed and unwax ed, black silk, and woman's hair
properly sterilized.

Woman's hair and plain white silk

of the finest size were found to be the least irritating
'

materials, and of these two materi 6ls, woman's hair, owing
to its particular small size and smooth surface, which
facilitated the passing of the stitch through the nerve,
was found to be the best.
After nearly 400 years of searching, there has
been discovered metals or alloys which, when buried in
human tissues, are practically inert.

There are two

metals, vitallium and tantalum, which appear to fulfill
all requirements for inertness when subjected to the
complicated metabolic activities of the human body.
Vitallium has been shown to be a hard alloy of cobalt,
chrome, and molybdenum, and must be cast, as it ca nnot
be worked cold.

Tantalum is a basic element, strong,

tough and malleable.

It can be drawn into a wire as

fine as human hair and with good tensile strength.
The reaction of nervous tissue to tantalum
implants ms be en investigated by Pudenz (1942), Pudenz
and Odom (1942) and others.

It has been shown that the

tissue in the im~ ediate vicinity of the metal shows little
or no f orei gn body reaction, minimum of leucocyte infiltration and gliosis, and no giant cell fonnation.

It is with
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the use of this material that the sling stitch, or
t hrough-and-through suture is advocated. (Spurling,
1943)
After end-to-end suture of a nerve, one used
to have to wait for several months until clinical signs
of regenerati on had appeared befcr e it was knO'V' n whether
or not the suture line had held,or whether a neuroma was
forming at the site of suture.

Now, with the use of

tantalum, it is possible to determine this at any time
by the use of the Roentgen ray. (Spurling 1943, Whitcomb
1946)
If a surg eon has good visual conception, 0.003"
tantalum wire, swedged onto fine atraumatic needles, is
the ideal material for suturing severed nerves.

It is

easy to tie a nd there is no tendency of the first half
hitch of a square knot to slip.

Also, the fact that this

fine wire breaks when put under unnecessary tension is
another point to its advantage. (White and Hamlin, 1945)
This has been the recommended material at the Walter Reed
General Hos pital in Washington, D.C., (Spurling, 1944) and
also is the material which was recorn.~ended in the policy
for the European Theater of Operations. (Spurling and
Woodhall, 1946)
To reduce the difficulties of nerve suture, and
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to minimize the disorganization of the fibers which is
apt to be produced by stitches, even if restricted as
far as possible to the epineurium, Young and Medawar
(194~ developed a methcxi of holding the cut stumps together and pour ln g around them plasma which has just
been mix ed with a strong tissue extract.

In about one-

half to two minutes, according to the ,a ge of the plasma,
and the strength of the extract, the plasma clots to a
firm jelly which sticks to the nerve and holds the stumps
together.

These men found that cockeral plasma was more

satisfactory than normal plasma.

Tarlou and Benjamin

(1943) irr repeating the experiments of Young and Medawar
(1940) concluded by histological examination of suture
site, made at frequent intervals after operation, that
cockeral plasma caused .considerable inflammatory or
fibrotic reaction.

They ex perimented and found that

autogenous plasma was su perior to cockeral plasma.
Tarlou and Benjamin (1943) and Tarlou, Denslow, Swarz
and Pineles (1943) also devised a mold so that the plasJ.11a
is allowed to uniformly surround the entire site of suture.
The molds are made of rubber and have a funnel opening on
top.

When preliminary tests of plasma show marked clot

retraction, an extra drop or two of plasma can be introduced into the funnel to assure adequate coverag e of the
top of the suture.

Another advantage of the funnel is

that when the nerve is not level, the funnel can be filled
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to the top, insuring that the body of the mold will be
fil l ed entirely.

The mold in its present form (Tarlou,

Denslow, Swarz and Pinales, 1943) has rails running
through it, u pon which the nerve e nds rest, and by which
they are prevented from falling to the bottom of the
mold.

These can be pulled out when the plasma has harden-

ed.
Some of the requisites for plasma clot suture
have been listed by Tarlou et al (1943) as:
"1. Freedom from h emorrhage and contusion around site
of suture.
2. Procurement of flat, smooth contact surfaces of
t he nerve stumps so that satisfactory coa ptation of fibers
can be obtained.
3. Use of a removable mold whi ch permits the plasma
to surround, uniformly, the entire site of suture.
4. When nerve ends can be united without tension."'
The technic of plasma clot ~uture is extremely
valuable in cases in which very small nerves are injured,
for an epineural suture in t hese cases usually results in
excessive fibrosis formation.

Ano t her valuable aspect of

the plasma clot technic is that it allo ws visualization of
the nerve stumps throug h the clot.

Thus, unless there has

been a loss of nerve substance, ma t ching of blood vessel
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markings, longitudinal striations, or nerve bundles, make
it possible to restore the pro per axial relationships of
the nerve stumps.

When a nerve is under tension, Tarlou

et al (1943) states that a through-and-through suture of
silk or tantalum may be used along with the plasma clot,
but that one must remember to keep the knot as far as
possible away from the suture line.
Singer (1945) advocated the use of a fibrinadhesive substance, which involves the application to
the apposed nerve stump of a thin sheet of fibrin surfaced
with a layer of clotting fibrinogen.
to the epineurium of the nerve.

This binds the film

The tensile strength has

been sufficiently high to maintain apposition under stress
of over 195 grams.

The transparency of the film permits

continuous observation of the enclosed nerve throughout
the operation.

Of special value to the use of film in

nerve repair is its eventual complete resorption at rates
which can be controlled by various means as given by
Morrison and Singer (1944).
Rotter (1946) following the work of Dr. Sterling
Bunnell upon tendon re pair, devised a method of nerve
repair in which he utilized the principle of removing the
suture after three weeks to minimize the amount of intrafasicular fibrosis.

He calls it the "pull-out suture",

and states tmt it is of particular benefit in those for-
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tunate cases in which there is a minimal intrafasicular
and perineural fibrosis.
A method, which so far bas been tested only in
laboratory animals, has been introduced by Weiss (1943b1944 a,b).
0

It is referred to as "tubular splicing", or

sleeve splicing" and consists of splicing the stumps

of a severed nerve by inserting them in a closely fitting
sleeve of either live artery or vein ( Weiss, 1943b) or a
resilient self-sealing tube of tantalum foil. (Weiss,
1944 a)

Analytical studies of Weiss and Taylor (1943)
on the healing and regeneration of nerves foll owing sutureless splicing with arterial sleeves have demonstrated
tbat the salient features to which this method owes its
superiority are the following:
"l. Absence of Sutures: This permits longitudinal
tra.cti on to be transmi t ted directly from stump to stump
through the tissue filling the gap.

The tissue becomes

converted into a system of pa.ralle,1 guide rails of strictly longitudinal orientation over which the regenerating
neurofibrils, Schwann cells and blood vessels are transmitted.
2. Confinement of Fluid: A proper amount of liquidity
of the tissue uniting the nerve ends is required for·· proper
nerve regeneration.

The liquid which accumulates is a
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result of hemolysis of red blood cells, white blood cells,
fibrinolysis, exudation and, perhaps, vascular transudation.
3. Insulation and Protection:

The sleeve prevents

adhesions between the nerve junction, and the surrounding
tissue.~
The initial holding power of this link is not
sufficient to withstand more than moderate tension, so
in cases where there is more tension than can be handled,
stay sutures, at a safe distance from the nerve ends, may
be used to take up the main stress.
Care must be taken when applying the tantalum
cuff (Weiss, 1943b)to prevent creases, dents, and holes.
This must be especially watched when applying in the
region of a joint.

If used properly,good results may be

expected.
Methods of Overcomin£ Large Nerve Defects
Tubulization:

This method of "sleeve splicing" must

not be confused with the methods of "tubulization 11 and
of wrapping suture lines, procedures which have been
practiced off and on for over sixty years.

Such materi-

als have been used,as Decalcified bone, (Gluck, 1880),
Cargile membrane, (Huber, 1895), artery, (Trentlein, 1906),
fascia, (Denk, 1914), unvulcanized rubber, (Heile and Bezel,
1915) fat tissue, (Perthes, 1917) and tantalum. (Spurling,
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1943).

The procedure of "tubulization" is to overcome an

unusually large gap in the nerve by channeling the fibers
from the proximal e_nd to the distal end through a tube of
one of the above named substances.

So far, tubulization

has met rather generally with clinical failure.

Some of

the causes for the failures are given as follows:
1. Open spaces between the nerve and the tube wall, so
that connective tissue grows into the gap.
2. Perforation and resorption, because substance used
may be full of microscopic pores.
3. Foreign materials may evoke extensive inflammatory
and fibrosis reactions.
4. Collapse of the tube may lead to complete occlusion
and failure.
5. Inadequate gap fillings such as agar-agar or
gelatine. (Edinger, 1916)
6. Constriction of tubes which are subject to gradual
shrinkage.
Many workers such as Spurling (1925-43), Weiss
and Taylor (1946), and Spurling and ~\l'oodhall (1946), use
the tantalum cuffs along with suturing of the epineurium.
The . cuf f s are used to prevent adhesions between the site
of suture, and the surrounding tissue.

Here again, care

must be exercised in applying, especially about the
region of the joints.

Weiss (1944) advocates removing

1,,-
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the tantalum a f ter union has occurred in order to protect
the nerve site from any damag e which may occur due to
bending or creas i ng of the tantalum cuff.
Mobilization~ Simple mobilization of the nerve will
overcome the majority of the smaller continuity defects.
By mobilization is meant, not only freeing the nerve from
its bed of scar tissue, but also liberating it from the
various restraints along its course for a considerable
distance both above and below the region of the difficulty.

The main point to keep in mind is that no muscle

branches should be destroyed.

Occasionally, it may be

necessary to sacrifice some of the branches of the nerve;
therefore, wide incisions are of a great advantage,
because they allow for the identif i cation of the nerve
both above and below the level of the injury.
Transposition: There are certain nerves which can be
transplanted from their normal position to a new position,
allowing the anatomical course to be shortened by the
transfer.

This releases tension on the nerve and may

allow approximation of the severed ends of an injured
nerve.

It is possible to gain several inches by trans-

position of the nerve at the elbow from behind the
condyle to the flexor surface of t h e elbow.

Occasionally,

it may be necessary to sacrifice a branch of the nerve to
allow the trans position.

This should be done only after
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it is determined that the gain would more than outweigh
the additional loss.

Transposition, when possible, offers

the most favorable method of obtaining end-to-end apposition in nerve defects.
Joint Positioning_;_

Flexion or extension of a joint

will shorten the course of a nerve which passes near it by
relaxing the nerve.

This principle is often utilized to

release tension on a nerve an:i to help close the gap
between nerve segments.

It is one of the most frequently

used and most valuable procedures employed in repair of
nerves after injury.

After the suture has been completed,

the limb must be kept in the position of relaxation until
the epineurium has grown firmly between the two ·segments
of the nerve.

Stookey and Scarff(Neurosurgery and Thor-

acic Surgery, 1943) state that in most cases, four weeks
of immobilization will be sufficient.

Following this,

there must be a stage of very careful nerve stretching.
Two Stage Stretching Procedure:

In various instances,

the defect in the nerve may be overcome by utilizing the
two stage stretching procedure.

This consists of freeing

the nerve well above and below the level of injury,
positioning the joints to give the maximum relaxation,
and suturing the neuromas of the proximal and distal segments of the nerve together.

By gradually flexing or ex-

tending the joint, the nerve is slowly stretched.

After a
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few weeks, a second operation is done.

The neuromas are

removed, the joint positioned again, and the nerve sutured.
Then after .the epineurium has firmly united, the nerve is
gradually stretched again.

Highet and Holmes (1942) have

estimated that a defect up to eleven centimeters in the
popliteal nerve may be overcome by this method, and the
nerve will still recover.

It must_;· of course, be remem-

bered that there is n'? elastic tis sue in the nerve trunk,
and stretching beyond the normal laxity is at the expense
of ana tomica 1 continuity. (Stookey, 1922)

Highet and

Holmes (1942) and Highet and Sanders (1942-43) have given
an excellent account of the pathological processes which
occur with stretching of the nerves, and they stress the
need for extreme caution in performing this · procedure.
Nerve Grafts:

The use of nerve grafts, to bridge gaps,

is unavoidable in thos·e instances in which the various

manipulative measures for closing defects, such as, the
mobilization, rerouting or postural shortening of nerves
with subsequent stretching, are insufficient or inadvisable.
A number of kinds of nerve grafts have been used

and are defined by Huber (1920) as, namely, autografts,
those fran tm individual who is to receive the graft,
homografts, those from a different individual of the
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same species, and heterografts, those frcm a member of
a different species.
The use of autologous grafts, such as those
employed by Bunnell (1927) for repair of nerves of the
hand, and by Ballance-and Duel (1932) for bridgeing
gaps in the facial nerve have been successful in a high
percentage of cases, but these are very small nerves.
In the case of the principle limb nerves, the use of a
single autologous nerve graft would be out of the question,
since there would be no justification in man for sacrificing one major functioning nerve for another.

The only

type of autologous nerve graft that could be used to
bridge a gap in a large nerve is the cable graft suggested by Stookey (1922) and elaborated upon by Pollock and
Davis (1933).

This is prepared by placing segments of

small nerves, which can be sacrificed without serious
deficit to the patient, side by side until their combined
cross-sectional diameter is equal to that of the nerve to
be repaired.

Fair results are obtained with this method

(Tarlou and Epstein, 1945).

Huber (1920) suggested the

use of the cutaneous radial, crural nerves and the musculocutaneous for cable grafts.

Young et al (194v) re-

ported that fresh autugrafts are almost as good as normai
periph~ral stumps, and that cable grafts and smaller nerve
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grafts are better than larger nerve grafts.

Viole'

(1944) states that autografts are the best.
Homografts are used the most, because they are
more available than autografts, and give results which
are better than hetero grafts (Tarlou and Epstein, 1945).
Spurling et al (1945) reports the failure of eight cases
of fresh homogenous nerve g rafts in man.

Seddon and

Holmes (1944) state that there are apparently only three
recorded successes in man after homograft i ng, and in each
case, the facial, a very small nerve, was repaired.

They

have recorded four cases of failure following homologous
grafts, and have listed the following causes as contributing to the failure of the nerve grafts,
1. Blood group incompatibility; an unproved and unprobable factor.
2. The development of specific tissue immunity.
3. Failure of Vascularization.
4. Cellular reaction due to the implanted tissue.
Bently and Hill (1940) have reported successful cases with
the use of small homologous grafts, and recommend it when
nothing else is available.
Source of grafts and preservation until time of
use offers another problem in homografting.

Storage of

· grafts is obviously technically desirable, and grafts have
been left for varying periods at temperatures rangi ng from
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0-37°C in normal saline or Ringers Solution, (Tello, 1914;
Ingrebrigsten, 1915; Eden, 1919; and Sanders and Young,
1942) in vasoline or petrolatum, (Huber, 1920) or they
have been dehydrated and frozen. (Weiss and Taylor, 1943)
The basic factor regarding successful storage is that,
fixatives or other methods of preserving, may convert the
graft into a foreign substance which will incite connective
tissue ingrowth and prevent regeneration.
· Heterografts should be mentioned only to condemn
their use. (Cajal, 1928)
Miscellaneous methods:

Dandy (1943) has stated, that

he vould not hesitate to resect any bone to overcome a
defect in the nerve.

He cites a case where he removed

eight centimeters of a humorus to make an end-to-end
anastomosis of a nerve.

Stookey (1922) states that cases

in which this procedure are justifiable are extremely rare,
and in these cases only when a concomittent fracture
without union exists.
Assaky (1886) devised a method "Suture A Distance"
in which he interposed between the divided nerve ends a
cable of catgut fixed with sutures to both the central and
peripheral nerve stumps.

Huber (1895) repeated the exper-

iments of Assaky and concluded that with other means available for overcoming nerve defects, this method should be
abandoned.
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Such other methods as nerve flaps, nerve
implantation and nerve crossing, should only be mentioned to let the reader know that they have been tried and
found unsuccessful.

CONCLUSION
For successful nerve repair, it is important
that the surgeon know the regional and microscopic anatomy of the peripheral nerve, and that he understand
thoroughly the principles of regeneration and the factors
effecting it.
Equally important is an exact and immediate
diagnosis of the nerve lesion.

With the advent of the

Dermometer, and the microvoltmeter, the exactness of
the diagnosis has been greatly facilitated.

But it is

still impossible to diagnose various types of nerve lesions
until the nerve in question has been visualized.

Therefor,

the surgeon should never hesitate to e xplore when the
exact diagnosis of the type of lesion is in doubt.
The technic of end-to-end epineural suture
has remained practically the same over a large number of
years, but the types of suture material have changed.

At

present, most surgeons use a fine type of silk, or tantalum,
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depending on his preference.

The opacity of tantalum gives

it tm added advantag e of X-ray visualization, which is
important in a number of cases to determine if the site
of suture has held together.

The amount of tissue reaction

is about the same for both materials; perhaps a little
less for tantalum.
The technic of plasma-clot suture, althou gh
it has the advantage of no epineural stitches, and also
of allowing visualization of the suture site, has not
proven superior to end-to-end epineural suture, except
in those cases where small nerves are involved.
If clinical findings prove to be as good as
the experimental results, the method of tubular-splicing
will be a great advance in t he field of peripheral nerve
surgery.

By accepting the theory that the re g,enerating

axons advance only along the interfaces, and are guided
by the biophysical forces of these interspaces, one can
see how this method would g ive such a percentag e of good
results.
In overcoming large nerve defects, one should
utilize the procedures of mobilization, transposition,
and joint positioning with sec ondary nerve stretching
whenever possible, and save the use of nerve graft
for the cases where the above will not suffice.
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The results following tubulization, suture a' distance,
nerve flaps, etc. have been very discoura g ing and are
not deemed advisable.
The chances for good functional recovery
following peripheral nerve injury s hould be good if
the wound is clean, if the dia gnosis is made promptly
and correctly, and if the accepted method of end-to-end
epineural suture with the use of fine silk or tantalum
is used by a competent surg eon.
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